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(54) Calibration for an adaptive array antenna 

(57) An adaptive array antenna comprising a plural- 
ity of array antennas including a plurality dF anbanna el- 
amenta which are spaced at Intervale at which a large 
correlation la exhibited, aeld array antennae being 
spaced at Intervale at which the correlation la negligible, 
wherein diversity effects such as fading compensation 


are produced, Interference wave* coming from the 
same direction are eliminated, the gain Is augmented by 
main beam tracking, and one or more calibration elgnal 
coupling parte and multi-beam Bynthaaizing circuit are 
provided eo as bo remove Individual variation a in calibra- 
tion signals and to perform highly reliable calibration. 
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TECHNICAL FIELD 

[0001] The present invention relates to an adaptive 
array antenna end a method for calculating a calibration 
amount of a receiving system of the adaptive array an- 
tenna and a method for calibration. 

BACKGROUND ART 

[0002] Generally, the adaptive array antenna la used 
for beam control of array antennae. There are two klnda 
of algorithms for the beam control, which are an Inter- 
ference suppression tracking type and a maximum gain 
tracking type. In the Interference suppression tracking 
type, tracking Is performed having a null point to Inter- 
ference waves and having strong directivity to desired 
warn. In the maximum gain tracking type, tracking Is 
performed auch that the receiving level of the antenna 
Is maximized. In each of the types, a mobile station can 
be tracked by a main beam. At the current time, the 
spacing between elements of the array antenna Is usu- 
ally A /2 aa shown in Rg.12. The reason far this iethat 
a grating lobe may occur when the spacing is mare than 
M2 as shown In Fig. 1&. The grating lobe may Increase 
Interference since the main lobe can be distracted to an 
unnecessary direction. Although the width of the beam 
narrows* gain increase by this is not obtained. 
P0003] Because the s pad ng between elema nts of tha 
army antenna shown In Fig. 12 Is narrow, the correlation 
between the elements Is very high. Therefore, when the 
receiving level deteriorates due to fading, the deteriora- 
tion influences all elements 1-B which are included in 
the array antenna so that tha deterioration can not be 
compensated for. Especially* the phenomenon Is re- 
markable for a small sized array antenna which has 
about 4 elements. In addition, In the Interference sup- 
pression tracking type algorithm, when there are Inter- 
ference waves coming from near the direction of desired 
wave*, the Interference suppression capability deterio- 
rates remarkably since the Interference waves exist In 
the main lobe. 

P0Q04] That la, In the narrow element spacing adap- 
tive signal processing, correlation of envelope and sig- 
nal between elements Is extremely strong and the phase 
deviation iB lees than a wave length. In the interference 
suppression tracking type algorithm, wait (phase and 
amplitude) of each antenna element Is obtained such 
that the Interference waves cancel each other out and 
the desired waves do not cancel each other out. Inter- 
ference weves which come from e direction different 
enough from the desired waves are Input Into the anten- 
na as a signal having strong envelope and signal corre- 
lation Dkethe desired waves. However, since the arriv- 
ing angle Is different, the phase difference of the Inter- 
ference waves between elements is different from tha 
phase difference of the desired waves. As a result, the 


desired weves are not necessarily in opposite phase for 
a watt In which the Interference waves are In opposite 
phase. In many cases, the desired waves operate as In 
phase. On the other hand, when the arriving direction of 

J the interference waves is close to the desired waves, 
the amount of phase shift of the desired waves and the 
Interference waves Is almost the same. Therefore, (he 
attempt to cancel the Interference waves may result In 
canceling the desired waves so that the Interference 

10 suppression capability deteriorates. 

[OOQa] On the other hand, since a diversity antenna Is 
designed such that the correlation between elements 
becomes smell, the spacing between elements 21 -28 Is 
large as shown In Flg.14. 8lnce the correlation Is email, 

iB when the receiving level of an elemBnt declines, the re- 
ceiving level of another elementmay be high. Generally, 
a maximal ratio combining (MRC) algorithm Is applied. 
According to tha maximal ratio combining algorithm, re- 
ceiving waves of each of the antenna elements 21-28 
are eynthesized after assigning wsighte of envelop level 
or the receiving waves after placing the receiving waves 
In phase. According to this algorithm, the concept of 
beam control le not applied because tha spacing be- 
tween elements is large, thus> many ripples exiatB in the 

Ps envelope which is the beam of each element. Therefore, 
tracking Is not performed since too many main beams 
exists. Thus, the gain Increase by narrowing the beam 
can not be expected. According to the algorithm, when 
there are the i nte rferencB waves, the influence is directly 

&> exerted. Because, as mentioned above, In the synthe- 
sizing method, amplitude and phase are controlled such 
that signs Is of al I elements can be received at max lm u m 
gain, end the Interference waves and the desired weves 
are treated without distinction. Accordingly, the method 

& of the maximum ratio synthesizing diversity shown In 
Fig. 1 4 Is effective fo r Improving receiving characteristics 
of a desired station that has deterioration due to fading. 
However, tha method does not contribute to Improved 
Interference characteristics. 

40 QD006] As mentioned above, the narrow element 
spacing adaptive array antenna of the Interference sup- 
pression tracking type Is effective In suppressing Inter- 
ference waves other than from main beam. However, 
the antenna has no effect for suppressing Interference 
waves In the main beam and fading. On the other hand, 
although the diversity antenna which has the wide ele- 
ment spacing can compensate for deterioration of char- 
acteristics of the desired waves due to fading, the diver- 
sity antenna has no effect pertaining to Interference 

so waves. 

[0007] In addition, there are two more combinations 
of antenna placements (narrow element spacing, wide 
element spacing) and algorithms (maximum ration syn- 
thesizing, Interference suppression). First, the com bine- 
s'* tion Is the maximum gain tracking type which uses the 
narrow element spacing as shown In Fig. 15 and the 
maximum ratio synthesizing algorithm. Second^ the, 
combination Is the interference suppression type which 


11/30/05, EAST Version: 2.0.1.4 


3 


EP13S7 670A1 


4 


uses the wide element spacing as shewn in Fig, 19. In 
the method shown In Flg.18, the antenna Is set for di- 
versity configuration and the algorithm la the Interfer- 
ence suppression type. According to the method, oapa- 
bil fly af interference wave suppression is kept as the ba- 
alc characteristic of the algorithm. In Addition .fading can 
be compensated for since the correlation between ele- 
ments la small In the diversity configuration. Especially, 
the characteristic Is remarkable when the angle of 
spreading af arriving wavee is large. A wait (phase and 
amplitude) can be determined such that many coming 
element wave* of the Interference waves are statistical- 
ly canceled out because phase differences due to the 
arriving angle are different Therefore* even If the arriv- 
ing angles am tha earns, a wait can ba generated such 
that the desired waves become In-phaae and the Inter- 
ference waves become opposite phase. 
[0009] However* according to the combination meth- 
od of the maximum gain tracking type which uses the 
narrow element spacing shown in Fig. 16 and tha maxi- 
mum ratio synthesizing algorithm, high gain can be ob- 
tained and the desired waves can be tracked with an 
antenna aim liar to the adaptive array antenna shown In 
Fig. (2. However, the method haB no effect on interfer- 
ence waves and fading. In addition, according ta tha 
combination method using the wide element spacing 
and the Interference suppression type shown in Fig. 18, 
gain Increase can not ba obtained because the wlde- 
naes of tha element spacing prevents tracking by tha 
main beam. 

[0009] One of the objects of the Invention of the parent 
application, EPA- 1 0f 4465, Is to solve the above-men- 
tioned problems. 

Tha object ia to provide a n adaptive array antenna which 
has diversity effects such as fading compensation or tha 
like, eliminates the Interference waves from the same 
direction and Increases gain by main beam tracking. 
[0010] In order toobtaln affects which are diversity er- 
fecta such ae fading compensation or tha like, removing 
Interference waves fromthesame direction and Increas- 
ing gain by main beam tracking, the adaptive array an- 
tenna needs to be aocu rata ty calibrated, in the following, 
the calibration will ba described. 
[001 1 ] In the adaptive array antenna, It Is necessary 
that amplitude ratio and phase difference In a high fre- 
quency band occurring between element antennas are 
maintained to baseband on which signal processing is 
performed. Generally, since a cable, an amplifier, af liter, 
a mixer, a convener and the like have different electronic 
oh ar actor 1st Ice, It Is dlfflcultto equate the amplitudes and 
phases of ell the elements, tin the following, the elec- 
tronic difference between elements will be call ad "indi- 
vidual variation'.) In addition, It la practically Impose lb le 
to equate the amplitudes and phases since there are 
differences due to tern pe ratu re In addition to the general 
differences. 

Tha ret o na, as s h own i n Fig . 1 7 , it is concei vsb la to meas- 
ure the amplitude ratio and the phase difference be- 


tween the ©laments by providing tha same calibration 
signals to each antenna and correct the amplitude ratio 
and the phase difference beforehand based on the 
measurement In order to keep the amplitude ratio and 
J the phase difference constant within a fixed period. 
[0012] Thecalibrationslgnalcanbeneallzedby Insert- 
ing the signal Into a fremef oirnat at each channel during 
constant time Intervale of one minute or ten minutes or 
the Dke. A calibration signal Input terminal may be da- 
te scribed aa a switch type shown in Fig.1 SA in the fallow- 
ing description. In addition, the terminal may be a type 
that connects to en antenna cable or the like electro- 
magnatlcally as ehown In Flg.fdB. In the switch type, 
communication Is Interrupted during the switching 
On the other hand, the type using an electromagnet con- 
nection has the effect that there Is no such Interruption. 
In die Rgo.1 6A, 18B, the array antenna Is connected to 
the terminals a and b and the calibration signal Is appDed 
to the terminal c 
A> 0&O13] The part where the calibration eigne! isappfied 
Is called a calibration signal coupling part, which In- 
cludes the calibration signal Input terminals of the switch 
type and the el ectrom eg net teal ly connecting type. 
[001 4] Fig.1 7 shows th e array antenn a which includes 
*5 antenna elements #1-34. Signals received by each of 
the antenna elements are applied to a distribution and 
synthesizing part T 94 via niters G9-I08 and high fre- 
quency amplifiers 107-T1Q. In the distribution and syn- 
thesizing part fS4, the signal received by the antenna 
&> Is distributed to channels. Therefore, the signals after 
the distribution and synthesizing part 134 are transmit- 
ted to a plurality of channels. However, one channel in 

the plurality of channels ie shown In Fig. 17. The received 
signals distributed by the distribution and synthesizing 

& part 1S4 are added at a signal adder 132 via mixers 
111-114. filters 115-118. intermediate frequency ampli- 
fiers 119-1 22, A/D converters (analog digital converters) 
123-129 Bnd waits T2B-131. An adaptive signal 
processing device 133 controls amplitude and phase of 

'0 the waits 126-131. As a result, the received signals are 
transmitted to a base station signal processing circuit 
[001 S] Tha output from a calibration eignal generator 
1Q1 Is split in four by a signal splitter 102 and et the same 
time the calibration signals aneapplledtoflltena 1D3-10B 

43 via cables 176-17B and calibration signal Inputtermlnals 
166-169 In the antenna elements #l-#4. These signals 
are transmitted bo the base station signal processing cir- 
cuit In the same way aa received signals. At the time, 
output signals from the A/D converter* 123-126 are ap- 

» piiedto a calibration amountcalculator 127. The calibra- 
tion amount calculator 127comparestheamplitudeand 
the phase of each A/O converters 123-128 with each 
other and calculates calibration amount tor equalizing 
amplitude change and phase change between the an- 

» tenna elements 81 -#4 end the signal adder f 32 In the 
receiving systems. The receiving system here Is a sys- 
tem which includes a series of circu its for receiving con- 
nected to the output of the antenna. That le, the recelv- 
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ing system includes the filter the high frequency ampli- 
fier, die mixer, the fitter, the Intermediate frequency am- 
plifier and the AD converter Four receiving ay sterna era 
Included In Plg.17. The callbratl on amount la transmitted 
to the ad apt ive signs I p recess ing device 1 33, The adap- a 
tlve signal proceeding device 133 stores the calibration 
amount In a calibration table (which la not shown In the 
figure). When the adaptive signal proceeelng device 133 
performs adaptive signal processing, the adaptive sig- 
nal processing device f33 controls the waits 128-1 3 f 
by subtracting the calibration amount 
[0016] However, the calibration signals, provided to 
anten n as, wh Ich are regarded to be the eame , have the 
Individual variations. In Flg17, the calibration signal 
generator 101 naeda to divide the output signal into tha 
same number of algnaie as there are elements of the 
arrey antenna and needeto transmit the calibration sig- 
nals tothe calibration signal coupling part vlaths cables 
175-178. Since the cables T75-I7& and the calibration 
terminate have individual variations (cab la characteris- 
tics and cable lengths and the like}, phase differences 
occur In the calibration signals. As a result, there Is a 
problem In that a calibration error occur*. 
[0017] Thus, tha object of tha present invention ia to 
realize reliable calibration by eliminating effects baaed 
on the Individual variations to the calibration signal. 
[0018] The present Invention has the following means 
as means for achieving tha object. 
[001 d] Tha invention as claimed in claim 1 is an adap- 
tive array antenna characterized In that said adaptive 
array antenna comprises: an array antenna having a 
plurality of antenna elements; a multi-beam synthesiz- 
ing circuit for synthesizing multiple beams; a calibration 
signal caupl ing part, provided between aaid multi-beam 
synthesizing circuit and said antenna element, for Input- 
ting a calibration signal; a calibration signal generator; 
a calibration amount calculator; wherein said calibration 
Blgnal generator applies a calibration signal output to 
said calibration signal coupling part, aald calibration 
amount calculator calculating a calibration amount of 
each of receiving systems from baseband signals of 
said receiving systems connected to the outputs of aald 
multi-beam synthesizing circuit and perform Ing eel lb ra- 
tion of aald receiving syetema. 
[0020] According to the Invention as claimed In claim 
T, a calibration signal Is applied to the calibration signal 
coupling part which ia provided between tha multi-beam 
synthesizing circuit and an antenna element. And, the 
calibration amount la calculated for each receiving sys- 
tem from a baseband signal of the receiving system 
which Is conn ected to the output of the multi-beam syn- 
thesizing circuit and calibration is performed on the re- 
ceiving systems. Accordingly, Individual variations be- 
tween the calibration signals are eliminated such that 
reliable calibration can be realized. 
[0021] The Invention as claimed In claim 2 lean adap- 
tive array antenna comprising: an array antenna having 
a plurality of antenna elements; a multi-beam synthesiz- 


ing circuit for synthesizing multiple beams; a calibration 
signal coupling part, provided between said multi-beam 
synthesizing circuit and aald antenna elements, for In- 
putting a calibration signal; a calibration signal genera- 
tor; a calibration amount calculator; wherein aaid cali- 
bration signal generator applies a calibration signal out- 
put to a plurality of said calibration signal coupling parts 
successively, said calibration amount calculator calcu- 
lating a calibration amount foreach of receiving systems 
from baseband signals of said receiving Bystama con- 
nected to the outputs of aald multi-beam synthesizing 
circuit every time said calibration signal output Is applied 
to said calibration signal coupling part, and calibration 
to said receiving systems being performed by using a 
mean value of calculated calibration amounts. 
[0022] According to the Invention as claimed In claim 

2, calibration amountcalculatlo n of the receiving system 
Is performed a plurality of Qmes and the mean value Is 
used as the calibration amount of the receiving system. 
Therefore, mare reliable calibration can be realized. 
[0023] The Invention as claimed In claim 3 Is the adap- 
tive arrey antenna as claimed In one of claim T and 2, 
wherein an FFT processing circuit la provided for per- 
forming calculation of multi-beam resolution within a 
base station in tha outside of said receiving systems of 
said array antenna. 

QD0S4] According to the Invention as claimed in claim 

3, since the FFT procasBlng circuit Is provided for per- 
forming multi-beam resolution calculations within the 
base station, calibration and adaptive signal processing 
can be performed for each antenna element 

DD0S5] The Invention as claimed In claim 4 Is a cali- 
bration amount calculation method InB receiving system 
of an array antenna having a plurality of antenna ele- 
ments, said calibration amount calculation method char- 
acterized by: applying a call brat Ion signal generated by 
e calibration signal generators a calibration signal cou- 
pling part provided In one antenna element; Bending 
said calibration signal to a plurality of said receiving sys- 
tems by a multi-beam synthesizing circuit; and calculat- 
ing a calibration amount or each of said receiving sys- 
tems from baseband signals obtained by detecting cal- 
ibration signals of said receiving systems. 
OD026] According to the Invention aa claimed In del m 

4, Individual variation between calibration signals are 
eliminated and reliable calibration can be performed. 
[0027] Tha invention aa claimed in claim 5 iB a cali- 
bration amount calculation method Ina receiving ay atem 
of an array antenna having a plurality of antenna ele- 
ments, comprising: applying a calibration signal to cali- 
bration signal coupling parts provided In a plurality of 
antenna elements successively; sending aaid calibra- 
tion signal to a plurality of aald receiving systems by a 
multi-beam ayntheel2 Ing circuit provided In an array an- 
tenna simultaneously; calculating, by a calibration 
amount calculator connected bo a plurality of said receiv- 
ing systems, calibration amounts of aaid receiving sys- 
tems from baseband atgnala obtained by detecting cal- 
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ibration signals of said receiving systems; using a mean 
value of said calibration amounts a* a calibration 
amount of said receiving system. 
[0028] According to the Invention as claimed In claim 
6, cal ibration amount calculation oftha receiving system 
Id performed a plurality of timea and the mean value la 
used as the calibration amount of the receiving system. 
Therefore, more reliable calibration can be realized. 
[0029] The Invention as claimed In claim 8 Is the cal- 
ibration amount calculation method of said receiving 
systems of eald adaptive array antenna as claimed In 
claim 4 or 5, wherein verification of calibration amount 
calculation la available by providing, In the outside of 
eald receiving systems of eald array antenna, an FFT 
processing circuit for performing calculation of multi- 
beam resolution within a baae station. 
[0030] Aocordlng to the Invention as claimed In claim 

6, since the FFT processing circuit Is provided for per- 
forming multi-beam resolution calculations within the 
base station* calibration and adaptive signal processing 
can be performed fbr each antenna element. In addition, 
calibration amount calculation can be verified. 
[0021] The Invention as claimed In claim 7 Is s cali- 
bration method for performing calibration of a receiving 
Byatem of an array antenna by performing adaptive sig- 
nal processing, eald calibration method characterized 
by performing ad aptlve signal processing after eubtract- 
Ing said calibration amount calculated by the method 
claimed in claim 4 or6 bb an adaptive signal processing 
amount when performing adaptive signal processing for 
an adaptive array antenna 

[0032] Aocordlng to the Invention as claimed In claim 

7, calibration can be performed within adaptive signal 
processing without using waits for calibration. 

BRIEF DESCRIPTION OF THE Dft AWING9 

[DQSa] Oth a r objects , f aabj res and advantages of the 
present Invention will be apparent by reading the follow- 
ing description In conjunction with the accompanying 
drawings. 

[0024] Flg.1 Is a configuration example (a rirst exam- 
ple) of an adaptive array antenna which has wide ele- 
ment spacing and narrow element spacing aocordlng to 
the present Invention, and performs adaptive signal 
processing. 

[0DS5] Fig. 2 is a configuration example (a second ex- 
ample) of an adaptive array antenna which has wide el- 
ement spacing and narrow element spacing* and per- 
forms adaptive signal processing. 
[P038] Flg.3 Is a configuration example (a third exam- 
ple} of an adaptive array antenna which has wide ele- 
ment spacing and narrow element spacing, and per- 
forms adaptive signal processing. 
[0037] Fig.4 Is a configuration example (a first exam- 
ple) of an adaptive array antenna which performs cali- 
bration processing oftha present invention. 
[0036] Flg.5 la a configuration example (a second ex- 


ample) of an adaptive array antenna which performs cal- 
ibration processing of the present Invention. 
[Q039] Fig. 6 Is a configuration example (a third exam- 
ple) of an adaptive array antenna which performs calh 

s oration processing of the present invention. 

[0040] Fig. 7 Is a configuration example (a fourth ex- 
ample) of an adaptive array antenna which pertormscal- 
Ibratlon processing oftha present Invention. 
[0041] Flg.B to a configuration example of an adaptive 

10 array antenna which achieves the object of the present 
Invention. 

[0042] Fig, 9 Is a flowchart for explaining a method (a 
first method) of calibration amount calculation. 
[0043] Hg.10 to a flowchart for explaining a method 

1B (a second method) of calibration amount calculation. 
[0044] Flfl.1T lea flowchart for explaining a method (a 
third method) of calibration amount calculation. 
[0045] Flg.1 2 Is a configuration example of a conven- 
tional adaptive array antenna (a first erample) of narrow 

&> al am ant spacing, 

[0048] Fig .1 3 Is a conf Ig uratlon example of a conven- 
tional adaptive array antenna of wide element spacing. 
[0047] Flg.14 Is a configuration example of a conven- 
tional maximum ratio synthesizing type adaptive array 

* 5 antenna of wide element spacing, 

[0048] Flg.1 B Is a configuration example of a conven- 
tional adaptive array antenna (a second example) of 
narrow element spacing. 

[0Q40] Fig.1 Q is a configuration example of a canvan- 
&> tl onal Interfere nee e u ppnseelcn type adaptive array an- 
tenna of wide element spacing. 
D&05O] Rg.17 Is a diagram for explaining a conven- 
tional calibration method. 

[0061] Fig.lB is a diagram for explaining a calibration 
signal coupling part. 

[0052] Flg.1 9 to a diagram for explaining an example 
of a multi-beam synthesizing circuit (butler matrix). 

PREFERRED EMBODIMENTS FOR CARRYING OUT 
THE INVENTION 

[0053] In the following, embodiments of the Invention 
or the parent application EP-A-1Q144B5 will ba de- 
scribed with reference to figures, (first embodiment) 

& [00fl4] Flg.1 shows the first embodiment which Is an 
eight element array antenna. An array antenna #1 com- 
prises antenna elamantB 51-64 and an array antenna 
#2 comp rises antenna elements 65-6B. The spacing be- 
tween the array antenna elements of the array antenna 

50 #1 and the array antenna #2 Is about 7J2. The array an- 
tenna #1 Is placed at a distance (of several to) from the 
array antenna #2 such that the correlation bscomea 
small enough to be negligible. 
[DOM] Signals from each of the antenna elements 

» 61-6B am synthesized by the signal adder 50 via the 
waits 61-88 which adjust phase and amplitude of anten- 
na output and output. The wait of the waits BT-SB is con- 
trol led by the adaptive signal processing device 60. The 
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adaptive signal processing may be the interference sup- 
pression, tracking type or the maximum gain tracking 
type. 

[0056] In this example, all outputs tram the eight ele- 
ments are converted into baseband ai mu ttaneo uely and * 
adaptive processing la performed. Calibration relating 
to the second object of the present Invention la neces- 
sary In each array antenna. However, It la not neceaaary 
between the array antennas. In a multlpath environ- 
ment, each array antenna can augment gain and can 
form the main beam. 

[0057] Concerning the array antennae, in this exam- 
ple, consider that uncorrected Tour element array an- 
tenna la added. Therefore, the same Interference char- 
acteristics bb shown in Fig.lfi can ba obtained. That ia, 
the array antenna has the capability of removing Inter- 
ference wavea from the same direction. In addition, 
since the array antenna Is uncorrected, It has diversity 
effect pertaining to fading. In the algorithm of the array 
antenna, diversity, main beam tracking* removal af in- 
terference waves can be performed together without 
concerning for the difference. 

(second embodiment) 

poosa] Fig.2 shows the second embodiment. The 
number of elements Is eight which Is the same as the 
f I rat emb odl ment . The arrangement of the an tan n a Is the 
same, but the signal synthesizing method ia different. 
CQ0fl9] Each of an array antenna #1 and an array an- 
tenna #2 operates according to an Independent algo- 
rithm. That Is, outputs from antenna elements 51 -54 of 
the array antenna #1 are synthesized at a signal adder 
fi1 via waits Bf-B4. The waits Bf-S4 are controlled by an 
adaptive signal processing device 83. Outputs from an- 
tenna elements 55-5 8 of the array antenna #2 are syn- 
thesized etaeignal adder 82 via waits 85-88. The waits 
85-88 are controlled by an adaptive signal processing 
device 64. The adaptive signal processing device 64 op- 
erates In Isolation from the adaptive signal processing 
device 83. At this stage, since the correlation between 
antenna alamantB Df each array antenna la high, fading 
can not be compensated forandtha Interference waves 
from the same direction can not be removed. 
[0080] Baseband outputs of the signal adder 61 and. 
the signal adder 62 are synthesized by the signal adder 
71 via waits BO, 01. The waits 90, 91 are controlled by 
an adaptive signal processing device 70. Since the en- 
velopes of Input signals of the adaptive array antennas 
ere uncorrected, the baseband outputs of the signal 
adder 61 and the signal adder 82 are uncorrected. 

Therefore, fading can ba compensated for at this stage. 
In addition, each adaptive array antenna can remove In- 
terference wavea from the same direction at this stage. 

(third embodiment) 

[0061] Flg.3 shows die third embodiment The config- 


uration ia the asms bb that of the second embodiment. 
However, each of the four element adaptive array an- 
tennas doee not operate Independently. That la, the 
same adaptive signal processing device 69 controls 
waits a1-B4 of antenna elements 61-54 of an array an- 
tenna #1 and waits B5-SB of antenna elements 55-56 of 
an array antenna #2. A two element algorithm of the af- 
ter stage selects adaptlvely an adaptive array antenna 
to be operated by determining magnitude of the power 
Df the array antennae. By refsrringta waits of one side, 
calculation amount Is decreased. 
[0082] In the above-mentioned embodiment, the 
spacing of the antenna elements Is W2, which Is a dis- 
tance for exhibiting very high correlation. However, the 
distance ie not necessarily exactly k 12. The distance 
may be around A/2 as long as the effect of the present 
Invention can be obtained. The spacing between the ar~ 
ray antennas Is large enough for making the correlation 
low enough, The correlation low enough" does not 
mean no correlation. The correlation may be substan- 
tively small enough as long as the effect of the present 
Invention can be obtained. 

[0Q63] In addition, the present invention la net limited 
to the above-mentioned embodiment* that ia, the con- 
figuration of eight antenna elements and two array an- 
tennas. 

[0064] in the following, embodiments of the present 
Invention will be described with reference to figures. 


[0085] The fourth embodiment takes a configuration 
wherein an after-mentioned multi-beam synthesizing 
circuit ia provided after tha array antenna, signals are 
transmitted to en Indoor part of the base station vta ca- 
bles, and the signal* are extracted as element outputs 
after performing aftewrientloned FFT by baseband. A 
calibration Btgnal Is Input from a calibration signal cou- 
pling part which Is located between the array antenna 
and the multi-beam synthesizing circuit 
[0086] The characteristics of this method are that a 
signal Input to an element antenna Is transmitted to the 
Indoor part of the base station after being distributed to 
all cables via the mult! bean synthesizing circuit. When 
a signal Is Input in the multi-beam synthesizing circuit, 
signals which have a constant phase difference are out- 
put at a plurality of output terminals. That is, ft becomas 
possible to calibrate receiving systems forectu el elgnala 
by one signal. Here, the receiving system la a series of 
receiving circuits connected to the output of the multi- 
beam synthesizing circuit. That Is, the receiving system 
ia a system including a fitter, e high frequency amplifier, 
a mixer, a filter, an Intermediate frequency ampDf ler end 
an AD converter. 

D0067] Flg.4 chows the fourth embodiment. The 
number of elements of the array antenna Is four (#1 «#4). 
A signal from a calibration signal generator 101 ie ap- 
plied to the multi-beam synthesizing circuit 1 62 via a cal- 


ls 


PO 
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*> (fourth embodiment) 


SB 


40 


43 
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ibration signal input terminal 1SO. The multi-beam syn- 
thesizing circuit 162 Is a four element butler matrix as 
shown In Hg.1 9. The butler matrix Is configured by hy- 
brid* 181-184. Since It la well known, a description of 
the operation will not be provided. The outputs from the 
multi-beam ay ntheslzlng circuit 162 ere applied to fitter* 
103-1 0e\ high frequency ampllf ler 107-1 10 and a distri- 
bution and synthealzlng part 194. The signals distribut- 
ed here are AD-converted via mixers 111*114,. filters 
11 5-1 1 B and intermediate frequency amplifier 11 S-f 22. 
In addition,. FFT (Feat Fourier Transform) le performed 
on the signal* after waits ere added by waits 128-13T 
euch that the signals are converted to normal slgnale of 
an adaptive array antenna. FFT (Fast Fourier Trans- 
form) 163 performs conversion which ie reverse to that 
of the multi-beam synthesizing circuit. That Is, the signal 
of the calibration signal Input terminal 150 Is converted 
by the multi-beam synthesizing circuit 1 52 and le output 
to the Altera 103-103 with a constant phase. The FFT 
here performs reverse can version of that. As shown Fig. 
4, since the calibration signal Is applied only to the re- 
ceiving system #4, a signal appears only on the recetp* 
ing system #4 If calibration la properly performed. 
[0066] In the earns way aa shown in Fig.i 7, a calibra- 
tion amount calculator 154 calculates the calibration 
amount. An adaptive signal processing device 1S6 
stores the calibration amount In a calibration table [not 
shown tnthsflgura) andccrrtrolB walte 128-131 by sub- 
tracting the calibration amount when performing adap- 
tive signal processing. 

[0069] The calibration may be performed by providing 
a waltfor the calibration other than the waits foradaptlve 
signal processing and controlling phase and amplitude 
of the wait for the cal ib ration. 
[0070] According to thefourth embodiment, the signal 
fromthe calibration signal generator Is Input to the cal- 
ibration signal Input terminal T50 between the antenna 
alament #4 andt he multi-beam By ntheslzlng circuit f 52, 
output from the four different output terminals by the 
multi-beam synthesizing circuit 1 62 with different phas- 
es and transmitted to each receiving system. 
[0071] Therefore, since the Individual variation be- 
tween the calibration signals does not exist, highly reli- 
able calibration can be performed by monitoring wheth- 
er the phase relation Is kept at a baseband part 

(fifth embodiment} 

[0072] Inthe fourth embodiment. If the calibration sig- 
nal Is applied to the remaining antenna elements, sig- 
nals having another phase relation appear at a plurality 
of terminals. In the Fifth embodiment, by applying the cal- 
ibration signal to a plurality of antennas In such a way, 
a plurality of calibration value can be obtained. Then, 
reliable calibration can be performed by averaging the 
result 8lnce the multi-beam outputs are synthesized 
juat after the array antenna in the same way as the fourth 
embodiment, signals are transmitted to each receiving 


system while keeping the phase amplitude relation be- 
tween antenna elements. That Is, the pattern of each 
beam Is preserved without being disturbed. Only phase 
ratio and phase difference between beams are dls- 
* turbed. Only the value between the beams needs to be 
calibrated. 

P0073] Rg.5 shows the fifth embodiment Flg.6 shows 
a configuration which Is almost the same ae that of the 
fourth embodiment. The difference Is that calibration 
TO sign ale a re input via fou r routes in the fifth embodiment . 
That Is, antenna elements have calibration signal Input 
terminate 1 86-1 89. The output from die calibration sig- 
nal generator 101 Is applied successively to the termi- 
nals 168-189 by using a switching circuit T8T. That Is. 
f& the output from the calibration signal generator 101 is 
applied Do the calibration signal Input terminals 1B5-188 
successively. At this time, function of the calibration sig- 
nal applied to each calibration signal coupling part Is the 
same as that of the calibration signal In Fig, 4. A caJlb re- 
ft* tion amount calculator 170 calculates the calibration 
amounts based onthe calibration signal applied succes- 
sively and calculates a mean value of the calibration 
amounts after a cycle. The mean value Is used as the 
calibration amount for use, 
6s [0074] In the fifth embodiment,, each of the calibration 
signals of the fou r ro utee Is applied to a calibration signal 
Input terminal of four calibration signal Input terminals 
with different phase relation. By calibrating by switching 
the four routes, reliability is improved since the average 
&> or the calibration amounts is available. In this case, 
slnca the calibration signals of the four routes ere not 
used simultaneously, calibration accuracy Is not affect- 
ad even when the calibration cables h ave I n dividual var- 
iations. 

SB 

(sixth embodiment) 

[0075] In the case wherein the mult I-beam output ta 
used ae It Is, the FFT circuit of the after stage le notneo- 

*> ess any and the configuration becomes simpler. 

[0076] Fig. 6 shows the sixth embodiment The em- 
bodiment Is an example of a configuration or an adaptive 
array antenna of abeam space type using a multJ-beam 
synthesizing circuit As compared with the fourth em- 

4& bodlment, the sixth embodiment does not have the FFT 
circuit. 

(seventh embodiment) 

» [0077] Flg.7 shows the seventh embodiment Similar 
to the sixth embodiment the seventh embodiment Is an 
other sxemple of a configuration of an adaptive array 
entenns of a beam space type using a multi-beam syn- 
thesizing circuit. As compared with the fifth embodl- 

55 ment, the seventh embodiment does not have the FFT 
circuit 

pQ7fl] In the following, flowcharts of representative 
calibration amount calculation methods will be de- 
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[0079] Flg.B la a flowchart of the calibration amount 
calculation method In the case wherein the caObratlon 
signal Is applied to one antenna element. 
[OQdO] The calibration signal gen eratod by th seal ib ra- 
tion signal generator is applied to the caObratlon signal 
coupling pare which la provided In the antenna dement 
(610). The caObratlon signal la aent to a plurality of re- 
ceiving systems simultaneously by the multi-beam syn- 
thesizing circuit (Sf1),Then> thecal ibratian signal ia de- 
tected I n each of the p lurallty of receiving system* (S1 2). 
Finally, the calibration amounts of the receiving systems 
are calculated (613). 

[0081 ] Flg.10 Is a flowchart of the calibration amount 
calculation method in the case wherein the calibration 
signal la applied to a plurality of antenna elements, 
[0062] The calibration signal Is applledto thecallbrar 
tlon signal coupling parts provided in a plurality of an- 
tenna elements successively and It Is determined 
whether the calibration Big rial ia applied to every anten- 
na element (S20). If NO, the calibration algnal Is sent to 
a plurality of receiving systems simultaneously by the 
multi-beam synthesizing circuit (S2f ). The n > thecal lb ra- 
tioneignal is detsctadin aach of the plurality of receiving 
Bystems and the calibration amounts of aach receiving 
system are calculated (S22). The process is repeated 
until the calibration signal la applied to every antenna 
element When the calibration Blgnal Is applied to every 
antenna element (YES in 920), the mean value of the 
calibration amounts Is regarded as the calibration 
amount (S23). 

[0063] F1g.11 Is a flowchart of the calibration amount 
calculation method In the caae wherein the FFT 
processing circuit is provided outside of the receiving 
system of the array antenna for performing multi-beam 
resolution calculation In the base station. 
[0064] For example, as shown in F lg.9 r the calibration 
amount la calculated for each antenna element (830). 
At the time, a algnal of a receiving system of the array 
antenna which la not calibrated Is checked such that the 
calibration amount calculation Is verified (851). 
[0QB5] As mentioned above, seconding to the embod- 
iments or the present Invention, It becomes possible to 
achieve gain of the array antenna, track beam, have di- 
versity effects and supprssa the Interference wavea 
from the same direction. 

[0DB6] In Bddition, the amount of signal processing 
can be decreased. As a result, the application field of 
the array antenna can be extended. 
D0087] Further, according to the above-mentioned 
embodiments Jt Is possible to calibrate a plurality of sys- 
tems of ecurrsnttrenam iesion system by using only one 
calibration algnal mute. By using calibration signals of 
a plurality of routes, more reliable calibration result can 
be obtained since the calibration data can be averaged. 
When multi-beam output Is used as It Is herein, the FFT 
circuit In the after stags is not necessary and the con- 
figuration becomes simpler. 


[DQBfl] Next, e configuration of an array antenna 
which can achieve the object of the present Invention Is 
shown In Fig. 8. 

[0089] The configuration Includes array antennas n , 
* 82, multi-beam circuits 20f , 202, #1 -#4 of receiving Bys- 
tems 209, #f-#4 of receiving systems 204, calibration 
algnal generators 205, 205, calibration amount calcula- 
tor 207, 208, an adaptive algnal processing device 209, 
calibration signal coupling parts 2f 0,211 ,walts2t2and 
to e signal adder 213. The configuration is not limited to 
that shown In Flg.fi, Combinations from Flg.1-Flg.3 and 
Flg.4-Flg.7 can be used. 

[0080] The array antennae #1 , #2 are array antennas 
each of which array antenna has a plurality of antenna 

^ elements spaced at intervals at which the correlation ia 
high. The spacing between the array antennas #f , #2 
has a distance such that correlation can be negligible. 
[Q0S1 ] The operation can be considered as the com- 
bination of the operations or Flg.f-Flg.3 and Fig. 4- Fig. 

60 7. Theref ore, the description of the operation will not be 
given. 

[0082] The adaptive signal processing device 209 
may perform adaptive signal processing by using an 
adaptive signal processing amount obtained by eub- 

& trading the calibration amount calculated by the calibra- 
tion amount calculators 207, 208. 
[0083] The present Invention Is not limited to the spe- 
cifically disclosed embodiments, and variations and 
modifications may be made without departing from the 

so scope of the Invention. 


Claims 

as 1. An adaptive array antenna character lied In that 
said adaptive array antenna comprises: 

an array antenna having a plurality of antenna 
elements; 

a multi-beam synthesizing clrc ultforeyntheste- 
Ing multiple beams: 

a calibration signal coupling psrt, provided be- 
tween said multi-beam synthesizing circuit and 
said antenna element, tor Inputting a calibration 
algnal; 

a calibration signal generator; 
a calibration amount calculator; 

wherein aald calibration signal generators ar- 
» ranged to apply a calibration signal output to said 
calibration signal coupling part 

said calibration amount calculator being ar- 
ranged to calculate a calibration amount for each of 
receiving ay stemQ from baseband signals of eald re- 
h celvtng systems connected to the outputs of said 
multi-beam synthesizing circuit and to perform cal- 
ibration to said receiving systems. 
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2. An adaptive array antenna as claimed in Claim 1 > 

wherein aaldcallbratlon signal generator la ar- 
ranged to apply a calibration elgnal output to a plu- 
rality of aaid calibration signal coupling parte sue* 
ceaaivaly, J 

eald calibration amount calculator being ar- 
ranged to calculate a calibration amount for each of 
the resolving systems from baseband elgnale of 
6Q Id receiving systems connected to the outputs of 
aaid mufti-baam synthesizing circuit every time aaid to 
calibration elgnal output Is applied to aaid calibra- 
tion elgnal coupling part, and calibration to said re- 
ceiving system* being performed by using a mean 
value of calculated calibration amounts. 

fa 

3. An adaptive array antenna ae claimed In one of 
claims T end 2, wherein an FFT proceeding circuit 
la piwldedfor performing calculation of multi-beam 
resolution within a beee elation In the outside or eald 
receiving ayetama of aaid array antenna. A) 


'. A calibration method for performing calibration of a 
receiving system of an array antenna by performing 
adaptive elgnal processing, eald calibration method 
charaoterlaed by performing adaptive elgnal 
processing after subtracting aaid calibration 
amount calculated by the method claimed In claim 
4 or b as an adaptive elgnal processing amount 
when, performing adaptive elgnal processing for an 
adaptive array antenna. 


4. A calibration amount calculation method In a receiv- 
ing system of an array antenna having a plurality of 
antenna element^ said calibration amount calcula- 
tion method characterized by; 


applying a calibration elgnal generated by a cal- 
ibration algnal generator to a calibration algnal 
coupling part provided in one antenna element; 
fending eald calibration elgnal to a plurality of 
eald receiving systems by a mult I-beam synthe- 
sizing circuit; and 

calculating a calibration amount of each of aaid 
receiving eyetarna Pram baseband aignaia ob- 
tained by detecting calibration signals of eald & 
receiving systems. 

S. A calibration amountcalculation method bb claimed 
In Claim 4> the multi-beam ay ntheelzlngclncultbalng 
provided In an array antenna; *o 

comprising apply Ingacallb ration signal teoal- 
Ibratlon algnal coupling parts provided In a plurality 
of antenna elements aucceaBlvery; 

calculating the calibration amounts by a cali- 
bration amount calculator connected to a plurality 
of aaid receiving systems; 

and using a mean value of aaid calibration 
amounts as a calibration amount of said receiving 
system. 

50 

B. "me calibration amount calculation method as 
claimed in claim 4 or 5, wherein verification of cali- 
bration amount calculation la available by providing! 
Inthe outside of eald receiving systems of eald array 
antenna, an FFT processing circuit for pertermlng ss 
calculation of multi-beam resolution within a base 
station. 
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FIG.7 
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FIG. 10 
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FIG.17 
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